A guide to the synaptic analysis of the neuropil.
A morphological analysis of the organization of the gray matter in the central nervous system depends on the discovery of consistent repetitive patterns. Without these, the gray matter remains a chaotic jungle. An hypothesis derived from the study of a few simple regions has been developed to serve as a guide in finding these patterns. It states that all nerve fibers and terminals arising from a particular group of nerve cells, or, more precisely, a particular nerve cell type, display similar axoplasmic configurations despite variations in size and shape of the terminations. This hypothesis is reminiscent of the so-called Dale's principle that a nerve cell makes use of the same transmitter at all of its branches or terminations. These apparent rules of uniformity or congruity merely reflect the functional integrity of the nerve cell and the role of its parts in the nervous system. But as an hypothesis, it needs to be tested, and it needs to be tested anew in each region, since exceptions to the assumed rule can be expected. It is therefore proposed as the first working hypothesis in each new region. If it should prove to be true in general, it will facilitate and rationalize the analysis of the gray matter, as it has already done in the cerebellar cortex and the deep cerebellar nuclei. If it should prove to be false in a few regions, the analysis will become more difficult, and additional modes of marking nerve endings will have to be used. Experimental methods for identifying nerve terminals can be translated from the light microscopic to the electron microscopic level, but there are significant drawbacks at both levels: lack of precision, destruction of fibers of passage, and rapid evolution of the degenerative process may greatly restrict their usefulness. Labeling with tritiated amino acids or transmitters, or with horseradish peroxidase, provide new methods for tracing interneuronal connections at the electron microscopic level. These have the advantages of high specificity, nondestructiveness and a physiological mode of selective marking. However, they do not offer a solution to the problem of short-range connections. For these, careful reconstructions of serial sections may prove necessary, as Sjöstrand (1974) has demonstrated in a remarkable paper on the retina. The aim of all these methods is to discover patterns of synaptic connectivity in order to map the cellular organization of the nervous system. In the foregoing, nothing was said about synapses other than those articulating axons with somata or dendrites and their appendages. Clearly the same principles of recognition apply to axo-axonal and dendro-dendritic synapses. Although the synapses that have been considered here are chemical synapses, the same questions regarding the identity of the partners in electrotonic junctions must be asked as well.